Abstract: Poly(acrylic acid) (PAAc) hydrogels possess good bioadhesive properties and allow 15 enhanced penetration of drugs. In addition, it is possible to localize the absorption site of the 
Introduction

1
A hydrogel is defined as a three-dimensional polymeric network that can be contained in 2 water or body fluids [1] . Hydrogels have been widely used in biological applications such as [5, 6] . Physical crosslinking is achieved by the 8 formation of ionic bonds, hydrogen bonds, crystallization between the polymer chains, or 9 freezing/thawing method. In the freezing/thawing method, cross-linking is achieved by the 10 formation of crystallites in the polymer-rich domain between water and the polymer chain 11 during repeated freeze/thaw cycles. However, the inherent disadvantage is the long process 12 time of 3 or 4 days [7] . In contrast, chemical cross-linking processes are fast in nature. In this 13 case, cross-links are formed by chemical and radical reactions. Irradiation of polymer solutions 14 results in polymer radicals, which combine through covalent bonds to form insoluble hydrogels. 15 [8].
16
In the case of radiation-induced cross-linking, cross links are formed at the carbon atom of 17 the C-C bond in the polyvinyl polymer, because one or more hydrogen atoms could be attached 18 to the carbon atom. The radiation cross-linking method has many advantages: cross-linking 19 agents are not required [9, 10] ; no residual toxic substances are found in the hydrogel; 20 hydrogels having diverse properties can be fabricated by simply controlling radiation dose,
21
polymer concentration, and atmosphere of radiation exposure [11] [12] [13] .
22
Hydrogels are typically composed of polymers such as natural polymers (e.g., collagen, 23 gelatin, hyaluronic acid, and chitosan) and synthetic polymers (e.g., poly(acrylic acid) (PAAc), 24 polyethylene oxide (PEO), and poly(vinyl alcohol) (PVA)) [8, 9, 14, 15] . The synthetic polymers 1 allow for a higher degree swelling, and impart superior mechanical properties and adhesion 2 strength to the hydrogels as compared to those in the case of natural polymers. For example,
3
PAAc hydrogels show good adhesion strength and are used in bioadhesive drug delivery 4 systems [16, 17] . PAAc is a hydrophilic and a highly absorbent polymer that has been widely 5 applied to biomaterials due to its high solubility and biodegradability [5] . PAAc hydrogels have 6 been widely used as drug carriers because of their good bioadhesive properties and enhanced 7 drug penetration. It is possible to localize the absorption site of the drug in the PAAc hydrogel 8 and increase the drug residence time [18] .
9
Metronidazole (MD) is a nitroimidazole compound that has been widely used for treating 10 infections caused by anaerobic bacteria and otitis media. The nitro group of MD is activated 11 by nitroreductases such as ferredoxin in the body. High antibacterial property is indicated by 12 disturbed DNA division and nucleic acid synthesis, which can be due to the destruction of the 13 helical structure of the bacterial DNA [19] .
14
In this study, PAAc and MD mixtures were exposed to γ-radiations, and MD containing 15 PAAc hydrogels were verified by gel content analysis, swelling ratio measurements, attenuated and abbreviated MD/PAAc samples are shown in Figure 1 and Table 1 . The thermal properties of MD/PAAc were investigated by DSC analysis (sQ100, TA 
Thermogravimetric analysis 9
Thermogravimetric analyses were performed using a TA Q600 system (TA Instrument,
10
New Castle, PA, USA). 15.0 mg of the MD/PAAc sample was placed in a platinum pan. The 
Determination of swelling ratio 10
To measure the swelling ratio, the dried film was prepared by an 8 mm biopsy punch The MD/PAAc sample was prepared by using a 12 mm biopsy punch and then subjected to 18 compressive strength measurements using a texture analyzer (TA-XT2i, Stable Micro Systems
19
Ltd., Godalming, UK) with a load of 50 N and a working distance of 20 mm from the punch.
20
The compressive strength was measured under 50% compression, from the decomposition of 21 the hydrogel film between the plates of the test machine, at a crosshead speed of 5 mm/s. 
Statistical analysis
12
All data were presented as mean standard deviation (SD) for n = 4. The t-test (Excel,
13
Microsoft) was used to assess the statistical significance of the results (p < 0.05).
15
Results and Discussion
16
Under γ-irradiation, PAAc formed free radicals on the polymer chain [17] . The water molecule of the MD/PAAc films are shown in Figure 3 and Table 2 . which were lower than that of MD/PAAc, as shown in Table 4 . The thermal stability decreased 6 slightly as the radiation dose was increased because MD slightly affects the thermal stability. were kept at room temperature for a long period of time during the irradiation process. an increase in the radiation dose and MD content. After 50 min, the cumulative release of 5 0.5MD/PAA was more than 50%, whereas that of 0.1MD/PAA was 10%. Therefore, MD/PAA 6 could be a viable candidate for a drug delivery carrier, with radiation-based techniques. conjugates: synthesis, crystal structure, docking studies and antiamoebic activity. 
